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(54) Dielectric structure 

(57) Multilayer dielectric structures particularly suit- 
able for use In capacitors and havlng a plating dopant 
in an amount sufficient to promote plating of a conduc- 
tive layer are provided, together with methods of forming 



such structures. Such dielectric structures show in- 
creased adhesion of subsequently applied conductive 
layers. 
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Description 

Background of the Invention 

[0001] The present Invention relates generally to the 
field of dielectric structures. In particular, the present In- 
vention relates to the field of dielectric structures suita- 
ble for use in capacitor manufacture. - 
[0002] Laminated printed circuit boards, as well as 
multichip modules, serve as support substrates for elec- 
tronic components, such as integrated circuits, capaci- 
tors, resistors, inductors, and other components. Con- 
ventionally, discrete passive components, e.g. resistors, 
capacitors and inductors, are surface mounted to the 
printed circuit boards. Such discrete passive compo- 
nents can occupy up to 60% or greater of the real estate 
of a printed circuit board, thus limiting the space avail- 
able for the mounting of active components, such as in- 
tegrated circuits. The removal of passive components 
from the printed circuit board surface allows for in- 
creased density of active components, further riiiniatur- 
Ization of the printed circuit board, increased computing 
power, reduced system noise and reduced noise sensi- 
tivity due to shortened leads. 
[0003] Such removal of discrete passive components 
from the printed circuit board surface can be achieved 
by embedding the passive components within the lam- 
inated printed circuit board structure. Embedded capac- 
itance has been discussed in the.context of capacitive 
planes providing non-Individual or "shared" capaci- 
tance. Capacitive planes consist of two laminated metal 
sheets insulated by a polymer based dielectric layer. 
Shared capacitance requires the timed use of the ca- 
pacitance by other components. Such shared capaci- 
tance fails to adequately address the need for embed- 
ded capacitors that still function as discrete compo- 
nents. 

[0004] U.S. Patent No. 6,068,782 (Brandt et al.) dis- 
closes a method of providing individual embedded ca- 
pacitors including the steps of patterning a photoimage- 
able low dielectric constant material on top of a bottom 
electrode material, depositing capacitance dielectric 
material by either filling or partially filling the pattern, and 
then fabricating a capacitor top electrode. Such capac- 
itor dielectric material typically has a high dielectric con- 
stant, such as a ceramic or metal oxide. One problem 
with using such ceramics or metal oxides Is that they 
may bedlfflcultto metallize. I.e. to fabricate an electrode 
on, using techniques conventionally used iri the printed 
circuit board industry. 

[0005] Energy storage devices for semiconductors 

containing dielectric layers having certain dopants, such 
as gold, have been disclosed. See, for example, U.S. 
Patent No. 6,1 80,252 B1 (Farrell et al.) which discloses 
capacitors for semiconductors containing a single die- 
lectric layer including a gold doped barium titanate hav- 
ing increased storage capacity as compared to conven- 
tional capacitors. These energy storage devices are not 



• " taught for use in embeddable capacitors inthe area of \ 
printed wiring boards. 

[0006] There is a need for capacitors, particularly em- . 
beddablecapacltors, having high dielectric conistantca- 
5 pacitance dielectric material that are easier to fabricate 
electrodes on than conventional high dielectric constant 
capacitance dielectric material. 

Summary of the Invention 

10 

[0007] It has been surprisingly found that the adhe- 
sion of plated electrode layers to high dielectric constant 
material can be improved by providing a plating dopant 
. in the dielectric material. Such platirig dopant promotes 
15 plating of the conductive layer on the high dielectric con- 
stant material. 

[0008] The present Invention provides a multilayer di- 
electric structure having a first dielectric layer and a sec- 
ond dielectric layer, wherein the first dielectric layer in- 

20 eludes a plating dopant in an amount sufficient to pro- 
mote plating of a conductive layer on the first dielectric 
layer. Dielectric structures having a dielectric layer in- 
cluding a plating dopant in an amount sufficient to pro- 
mote plating of a conductive layer on the dielectric layer 

25 are also contemplated by this invention. Capacitors con- 
taining such dielectric structures are further contemplat- 
ed by this Invention. 

[0009] The present Invention also provides a method 
of Improving the adhesion of catalytic and plated elec- 

dt> trodes to a dielectric layer including the steps of depos- 
iting on a substrate a dielectric layer Including a plating . ' 
dopant in an amount sufficient to promote plating of a 
conductive layer on the first dielectric layer, and plating 
a conductive layer on the surface.of the dielectric layer. 

35 Such method is also used in the manufacture of capac- 
itors. In such capacitors, the substrate is typically, in or- 
der, a bottom conductive layer and a bottom dielectric 
layer, with the dielectric layer being disposed on the bot- 
tom dielectric layer. , 

40 [001 b] The present invention provides a printed circuit 
board. Including an embedded capacitance material, 
wherein the embedded capacitance material includes a . 
multilayer dielectric structure including a first dielectric 
layer and a second dielectric layer, wherein the first di- 

45 electric layer includes a plating dopant in an amount suf- 
ficient to promote plating of a conductive layer on the 
first dielectric layer. A method of manufacturing the print- 
ed circuit board described above is also contemplated 
herein. 

50 . ' 

Detailed Description of the Invention 

[001 1] As used throughout this specification, the fol- 
lowing abbreviations shall have the following meanings, 
55 unless the context cleariy indicates otherwise: C = de- 
grees Centigrade; jpm = revolutions per minute; mol 
moles; hr = hours; min = minute; sec = second; nm = 
nanometers; cm = centimeters; In. = inches; and wt% = 
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percent by weight. 

[0012] The terms "printed wiring board" and "printed 
circuit board" are used interchangeabiy throughout this 
specification. "Depositing" and "plating" are used inter- 
changeably throughout this specification and include s 
both electroless plating and electrolytic plating. "Multi- 
layer" refers to two or more layers, the terni "dielectric 
structure" refers to a layer or layers of dielectric material. 
"AlkyI" refers to linear, branched and cyclic allcyl. 
[0013] All percentages are by weight, unless other- 
wise noted. All numerical ranges are Inclusive and com- 
btnable in any order, except where it is clear that such 
numerical ranges are constrained to add up to 1 00%. 
[0014] The present invention provides a dielectric 
structure comprising a dielectric layer comprising a plat- is 
Ing dopant in an amount sufficient to promote plating of 
a conductive layer on the dielectric layer. As used here- . 
in. "plating dopant" refers to any conductive element or 
compound present in the dielectric layer in an amount 
sufficient to promote plating of the surface of the dielec- 20 
trie layer with a conductive material. Such dielectric 
structures are particularly suitable for the fabrication of 
capacitors, and more particularly for the fabrication of 
capacitors that can be embedded within a laminated 
printed circuit board. Such capacitors contain a pair of 25 
electrodes (conductive layers or metal layers) on oppo- 
site sides of and in intimate contact with the capacitor 
dielectric material. Capacitance density is determined 
by the electrode surface area, the dielectric constant of . 
the dielectric material and the thickness of the capacitor, so 
The present invention provides an Increase in electrode . 
area for a giveri geometrical area and a decrease in di- 
electric material thickness without increasing the likeli- 
hood of short circuits. 

[0015] Typically, the dielectric material useful in the 35 
present dielectric structures is any that Is suitable for 
use as capacitor dielectric material. A wide variety of 
dielectric material may be suitably employed, depend- 
ing upon the design requirements of the capacitor. Suit- 
able dielectric material includes that having a dielectric 
constant of 2 or greater. Particularly useful dielectric ma- 
terials are those having a dielectric constant of 3 or 
greater. In one embodiment, the dielectric material has 
a high dielectric constant. By "high" dielectric constant 
it is meant a dielectric constant ^ 7, and preferably > 7. 
A wide variety of dielectric materials may suitably be 
used, including, but not limited to, polymers, ceramics, 
metal oxides and combinations thereof. Suitable poly- 
mers include, butare not limited to, epoxies.'polyimides. 
polyurethanes, polyarylenes including, poiyarylene so 
ethers, polysulfones, polysulfides, fluorinated polyim- 
ides, fluorinated polyarylenes, and the like. Suitable ce- 
ramics and metal oxides include, but are not limited to, 
titanium dioxide ("TiOg"), tantalum oxides such as 
TagOs, barium-titanates having the fonnula Ba^TibOc ss 
wherein a and b are independently from 0.75 to 1 .25 
and c is 2.5 to 5, strontium-titanates such as SrTlOs, 
barium-strontium- titanates, lead-zirconium-titanates 



such as PbZryTi^.y03, the series of doped lead-zirconi- 
um-titanates having the fomiula (Pbxl^i.x)(ZryTii.y)03 
where M is any of a variety of metals such as alkaline 
earth metals and transition metals such as niobium and 
lanthanum, where x denotes lead content and y is the 
zirconium content of the oxide, lithium-niobium oxides 
such as LINbOs, lead-magnesium-titanates such as 
(PbxMg^.JTiOs, and lead-magnesium-niobium oxides 
such as (PbxMgi.x)Nb03, and lead-strontium-titanates 
(PbxSri.x)Ti03. When the capacitor dielectric material 
includes BagTlbOe, it is prefen^ed that a and b are both 
1 and c is 3, i.e. BaTi03. Other suitable dielectric mate- 
rials include, but are not limited to: silsesquioxanes such 
as alkyl silsesquioxanes, aryl silsesquioxanes, hydrido 
silsesquioxanes and mixtures thereof; silica; siloanes; 
and the like; including mixtures of any of the foregoing. 
Suitable alkyl silsesquioxanes include (C^ - C^q)^"^' 
silsesquioxanes such .as methyl silsesquioxanes, ethyl 
silsesquioxanes, propyl silsesquioxanes, and butyl 
silsesquioxanes. It is preferred that the dielectric mate- 
rial includes a ceramic or metal oxide. Such dielectric 
materials may be used in a variety of crystal structures 
including, without limitation, perovskites (ABO3), pyro- 
chlores (A2B2O7), rutlle and other structural polymorphs 
that have suitable electrtoal properties for use as a ca- 
pacitor dielectric 

[0016] When a polymer/ceranriic or metal oxide com- 
posite capacitor dielectric material is used, the ceramic 
or metal oxide material niay be blended as a powder 
with the polymer When the ceramic or metal oxide, is iv 
used without a polymer, such ceramic or metal oxide • 
may be deposited by a variety of means, such as,- bijt. 
not limited to, sol-gel, physical and/or reactive evapora- ^ 
tlon, sputtering, laser-based deposition techniques, 
chemical vapor deposition ("CVD"), combustion chem- 
leal vapor deposition ("CCVD"), controlled atmosphere •* 
chemical vapor deposition ("CACCVD"). hydride vapor 
phase deposition, liquid phase epitaxy, and electro-epi- 
taxy. Preferably, such ceramic or metal oxide niaterial 
is deposited by using sol-gel techniques. 
[0017] In such sol-gel processes, as exemplified 
herein by the deposition of a barium titanate capacitor 
dielectric, a non-aqueous solution of titanium alkoxide 
is reacted with a barium precursor at.the desired stoi- . 
chiometry and controllabty hydrbtyzed with a solvent/ 
water solution. A thin, adherent filrn of the hydrolyzed 
alkoxide solution (or "sol") is then applied to the sub- 
strate by either dip-coating or spin-coating at 1 ,000 to 
3,000 rpm. Multiple coatings may be required for in- 
creased film thicknesses; the films are heated at a tem- 
perature of 200 to 600° C for about 5 to 10 minutes to 
volatize the organic species and to render the dried "gel" 
film. While the majority of the organic matter and water 
is removed from the films by annealing at 500** C; the 
barium titanate film is still only partially crystalline. 
[0018] The film is then annealed for a period of time 
to remove volatile organic materials. A desirable anneal- 
ing temperature is 650** C for approximately one hour. 
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The film is preferably further annealed to improve the 
film's crystallinity. This latter step involves heating the 
film such as at a rate of 200" C/hr under dry nitrogen to 
a final annealing temperature of 600 to QOO*' C,* prefer- 
ably SSO** C, until the desired crystallization Is achieved. 
[0019] Preferred as the titanium alkoxide is titanium 
Isopropoxide, The "barium precursor" Is typically the rer 
action product of a glycol and barium oxide; Typical gly- 
cols are ethylene glycol and propylene glycol. The gly- 
col-barium oxide reaction product is typically diluted with 
an alcohol prior to the addition of the titanium alkoxide. 
Suitable alcohols for use as diluents include, without lim- 
itation, ethanol, Isppropyl alcohol, methanol, butanoi 
andpentanol. 

[0020] During the sol-gel process, the thickness of the 
composite is a function of the rotation rate and the vis- 
cosity of the solution. Typically, the thickness of the com- 
posite is 100 nm or greater, more typically 250 rim or 
greater, and still more typically 500 nm or greater. A par- 
ticularly useful thickness is in the range of 450 to 700 
nm and more particularly from 475 to 600 nm. The max- 
imum thickness, for instance of a planar thin film com- 
posite, may be determined by the number of sol-gei lay- 
ers deposited onto the substrate. 
[0021] In one embodiment, a fine powder of barium 
oxide Is added to the glycol. The reaction is exothemnlc 
and the reaction mixture is continuously stirred. The re- 
action mixture Is then diluted with an alcohol, such as 
2-prop'anol. 'ln addition,- the titanium alkoxide is then 
added. To avoid rapid precipitation, the saturated glycol 
solution is kept at an elevated temperature, preferably 
70° C. The solution is then spin coated onto a suitable 
substrate. In the first stage of spin coating, the solution 
is added at approximately 2000 rpni for a short duration., 
In.the second stage, the rotation is increased to api3rox-- 
imately 4000 rpm for a time sufficient to achieve uniform 
deposition of film. The film is then dried for at a temper- 
ature of 80 to 100** C, preferably at 90^ C. The product 
is then subjected to a similar annealing stage as de- 
scribed for the sol-gel process. 
[0022] In another embodiment of the Invention, the 
coating of the substrate Is prepared by first dissolving a . 
reaction mixture of alcohol, barium diacetate and titani- 
um alkoxide in ambient atmosphere. The solution of al- 
kanol, acetb acid glycerol Is then continuously stinted. 
Barium acetate is then dissolved In the mixed solution. 
Titanium alkoxide, such as titanium butoxide, is then 
added to the solution. The solution is continuously 
stirred for at least a couple of hours. The solution is then 
diluted with anhydrous alcohol, such as anhydrous 
methanol, acetic acid and glycerol in the approximate 
weight ratio of 5:5:1: The solution is then spin-coated 
onto a suitable substrate, typically a bottom electrode 
or metal layer. The spinning is preferably done at multi- 
ple stages. In the first stage, the solution is applied onto 
the substrate at approximately 2000 rpm for 10 sec. In > 
the second stage, the solution is applied at a speed of 
4000 rpm for a period of time to achieve uniform depo- 



sition, generally about ten seconds. The sols may also 
be applied to the substrate by roller coating or screen 
printing, among other methods. 
[0023] Alternatively, the substrate to be coated with 
5 the capacitor dielectric may be dipped into the solution 
at an average speed of 2 to 1 2 cm/min (1 to 5 in/min) 
and preferably from 2 to 8 cm/min. The coating Is then 
dried onto the substrate at a temperature of from 200 to 
500° C; typically films are first dried at 2G0*» C for 2 

■ 10 hours, and then baked at 400° C for 20 minutes to re- 
move, volatile organic materials. Films are then an- 
nealed at the tempei'ature range of 600 to 800" C to im- 
prove crystailintty. Typically, the.duration of annealing Is 
about one hour. 

15 [0024] A wide variety of plating dopants may be used 
in the present invention. The plating dopants useful in 
the present Invention are any that promote. plating of a 
conductive layer on the dielectric layer. Preferably, the 
plating dopants are conductive and more preferably the 

20 plating dopants are metallic. Such plating may be elec- 
troless metal deposition, electrolytic metal deposition, 
immersion plating, and the like. Suitable plating dopants, 
include, but are not linnlted to, metals such as aluminum, • 
tinj lead, palladium, cobalt, copper, silver, and gold. Ad- 

25 ditionally, metah oxides such as zinc oxide, conductive 
polymers, and graphite may be used. Mixtures of plating 
dopants may be advantageously used, such as palladi- 
um/tln.mixtures. Rrefen'ed plating dopants are tin, pal- 
ladium, cobalt, copper, silver, gold, zinc oxide and mix- 
so tures thereof. 

[0025] When metallic plating dopants are used, they 
may be present in the dielectric layer in a. variety of 
forms, Including, but not limited to, metals, metal alloys, 
rnetal oxides or metal precursors that can be converted 

35 to conducting metal structures. The metal, metal alloys 
or metal oxides may be used asparticles^ needles, rods, 
crystallites or other suitable structures. Suitable plating . 
. dopant metal precursors are converted to conducting 
metal structures by heat, light or other external means. 

40 Exenriplary plating dopant metal precursors Include,* 
without limitation, metal organic deposition reagents, 
and silver halide materials. It is preferred that the metal 
or metal alloy particles are fine particles (1 nhfi to 1 0 \vm). 
Such fine rnetal or metal alloy particles may be prepared 

45 by a variety of means, such as, but not limited to, com- 
bustion chemical vapor deposition, mechanical milling, 
etching of biphasic monoliths, ultrasound, chemfcal re-' 
duction, vacuum deposition. ' 
[0026] A wide variety of conductive polymers are 

50 known. Any of these are suitable for use as plating do- 
pants in the present invention. It is preferred that such 
conductive polymers are stable upon heating to > 300° 
C, preferably > 400° C, and more preferably > 500° C. 
[0027] Plating, dopants are present in the dielectric 

55 layer in an amount sufficient.to.promote plating of a con- , 
ductive layer on the. dielectric layer The minimum - 
amount necessary will depend upon the particular plat-. . 
ing dopant and the conductive layer to be deposited. For 
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example, when the conductive layer is to be deposited 
electrolyticaily, the plating dopant must be present in an 
amount to be sufficiently conductive to allow for electro- 
plating of the conductive layer. When the conductive lay- 
er is to be deposited by immersion plating, sufficient 5 
plating dopant that is more electropositive than the met- 
al to be deposited must be present in an amount suffi- 

' cieht to allow the necessary displacement plating to oc- 
cur. Such minimum amounts are well within the ability 
of those skilled in the art. The plating dopants may typ- ' io 
Ically be present in the dielectric layer in an amount of 
up to 50% by volume. Preferred amounts of plating do- 
pant.are up to 45% by volume and more preferably up 
to 40% by volume. When sol-gel processes are used to 
deposit the capacitor dielectric layers , it is preferred that is 
the plating dopant is added to the sol prior to film forma- 

. tlon. When vapor phase deposition methods are used, 
it is pref en^ed that the plating dopant Is co-deposited with 
the dielectric material. It is preferred that the plating do- 
pant-containing dielectric layers of the present invention 20 
are deposited by sol-gel processes. 
[0028] Such doped dielectric layers of the capacitor 
dielectric material provide increased adhesion for sub- 
sequently deposited or plated catalytic and/or electrode 
layers. These plating dopant-containing dielectric layers 25 
are in ohmic contact with the electrode structures on the 
top and bottom of the dielectric stack and thereby in- 
crease their surface areas and, as a result, their capac- 
itance. Because the plating dopant-containing dielectric 
replaces layers of undoped dielectric, the'overail dielec- so 
trie thickness is reduced and the capacitance Is In- 
creased. The effective area of the top and bottom elec- 
trodes is also increased by the surface area of the plat- 
ing dopant particles that are in electrical contact with the 
top and bottom electrodes. 35 
[0029] The dielectric structures of the present inven- 
tion may contain two or more capacitor dielectric layers. 
When two capacitor dielectric layers are used, the first 
. or top capacitor dielectric layer, I.e. the dielectric layer 
to be plated with a conductive layer, contains a plating ^0 
dopant in an amount sufficient to provide direct plating 
of a conductive layer When three or more dielectric lay- 
ers are used, the first or top dielectric layer and option- 
ally the bottom dielectric layer contain a plating dopant 
in an amount sufficient to provide direct plating of a con- 
ductive layer. In one embodiment, it is preferred that the 
both the top and bottom dielectric layers in a multilayer 
dielectric structure contain a plating dopant in an 
amount sufficient to provide direct plating of a conduc- 
tive layer on the surface of each of the top and bottom so 
dielectric layers. 

[0030] Particularly suitable multilayer dielectric struc- 
tures are those having a first or top dielectric layer, a 
second or middle dielectric layer and a third or bottom 
dielectric layer, wherein at least one of the top and bot- ss 
tom dielectric layers comprises a plating dopant in an 
amount sufficient to provide direct plating of a conduc- 
tive layer on at least one of the top and bottom dielectric 



layers. It will be appreciated by those skilled in the art 
that such middle dielectric layer may comprise a single 
dielectric layer or a plurality of dielectric layers. Such 
plurality of dielectric layers allows for the fabrication of 
a dielectric structure having a tailored overall dielectric 
constant. 

[0031] When multiple dielectric layers are used, each 
of the dielectric layers may be the same oi^ different. In 
one embodiment, it Is prefen^ed that the dielectric layers 
comprise the same dielectric materials. In an alternate 
embodiment, it is prefen^ed that different dielectric ma- 
terials are used to form the various dielectric layers. An 
example of a suitable combination of different dielectric 
materials are altemating layers of one or more of alumi- 
na, zirconia,bariurTi;Strontium-titanate, lead-zirconium- 
titanate, and iead-larithanum-zlrconia-titanate, either by 
themselves or in combination with orie or more other di- 
electric layers. ' . 
' [0032] In one embodlmerit, the present doped dielec- 
' trie layer may be used as the topmost layer in a dielectric 
stack to provide a subsequently deposited metal layer. 
By "dielectric stack" it is nieant two or more dielectric 
layers in intimate contact. In this embodiment, the layers 
under the doped dielectric layer may be deposited by 
any suitable means, such as, but not limited to, sbl-gel 
techniques, CVD. CCVD, CACCVD or any combination 
of these. Such dielectric layers under the present doped 
dielectric layer may be composed of any suitable die-: 
tectric material which may be the same as, or different 
from, the dielectric rhateriail used in the doped dielectric 
layer. • - a, 

[0033] the overall thickness of the dielectric structure 
depends upon the capacitordielectric material selected ■ 
as well as the total capacitance desired. In multilayer 
dielectric structures, the dielectric layers may be of unl- 
fornri thk:kness or varying thickness. Such structures 
may consist of many thin layers, one or more thick layers 
or a mixture of thick and thin layers. Such selections are 
well within the ability of those skilled in the art. Exem- 
plary dielectric layers may have a thickness of 0.01 to 
100 Jim. 

[0034] Preferably, the thickness of the doped dielec- 
tric layer is < 50% of the total thickness of the dielectric 
structure. It is further preferred that the thickness of the 
doped dielectric layer is < 40%, more preferably < 30% 
and still more preferably < 25% of the total thickness of 
the dielectric structure. 

[0035] The entire dielectric structure may then be 
heated (annealed) to provide the dielectric structure 
having the desired crystal structure. In an alternate em- 
bodiment, the non-plating dopant-<:ontalning gel layers 
are first annealed to form the desired ciystallinity, fol- * 
lowed by deposition ofthe plating dopant-containing sol. 
The plating dopant-containing sol is then heated to form 
the gel and then annealed to provide the desired crys- 
tallinity. 

[003G] In a further embodiment, the capacitor dielec- 
tric surfaces may be textured to further improve adhe- 
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sion of the conductive layer. Such texturing may be 
achievedby a variety of means, including, but notlinilted 
to, laser structuring, use of removable porogens, and 
hiechanical hrieans such as physical abrasion. The re- 
^ movabliB porogens may be polymers such as polymeric ' s 
particles, linear polymers, star polymers or dendritic pol- 
ymers, or may be monomers or polymers that arie co- 
polymerized With a dielectric monomer to form a block ' 
copolymer having a labile (removable) component. In 
an alternative embodiment, the porogen may be pre-po- io 
. lymerized or pre-reacted with the dielectric precursor to 
form the sol which may be moriomeiic,oligomeric or pol- . 
ymeric. Such pre-polymerized material is then annealed 
to form a dielectric layer. Suitable porogens are those 
disclosed in, for example, U.S. Patent Nos. 6,271,273 is 
(You et al.), 5,895,263 (Carter et al.) and 6,420,441 (Al- 
len et al.). Methods that provide a suitably textured sur- 
face while providing control of the resulting dielectric 
constant are preferred. 

[0037] Laser structuring of the dielectric surface may 20 
be by any laser structuring or ablation methods known 
in the art. In such nnethods, the last capacitor dielectric 
layer applied to the dielectric structure is subjected to 
laser structuring, such as laser ablation, priorto the dep- 
osition of an electrode (metallization) layer. Such laser 25 
ablation is typically computer controlled, thus allowing 
removal of precise amounts of capacitor dielectric ma- - 
terial in a predetemnined pattern. Exemplary patterns in- . . 
elude, without limitatioh, grooves, dimples,' rippleSi 
cross-hatching hooks and crannies. 30 
[0038] The present dielectric structures having a top 
dielectric layer containing a plating dopant in an amount 
to provide direct plating of a conductive layer on the di- 
electric layer may be metallized by a variiety of methods; 
including, without limitation, electroless plating, electro- 35 
lytic plating, and immersion plating. Suitable conductive " 
layers include, but are not limited to, metals such as cop- 
per, silver, gold; nickel, tin, lead, aluminum, tin-lead, tin- 
copper, tin-bismuth, tin-silver, tin-silver-copper, plati- 
num, and palladium, metal oxides, conductive polymers '40 
and the like. Such conductive layers rnay be further al- 
loyed with any suitable alloying metal, such as. but not 
limited to, bismuth. Indium, and antimony. 
[0039] Electroless plating may suitably be accom- 
plished by a variety of known methods. Suitable metals 45 
that can be electrolessty plated include, but are not lim- 
ited to, copper, gold, silver, nickel, palladium, tin, and 
lead. Immersion plating may be accomplished by a va- 
riety of know methods. Gold, silver, tin and lead may 
suitably be deposited by immersion plating. Electrplyllc 50 
plating may be accomplished by a variety, of known 
methods. Exemplary metals that can be deposited elec- 
trolytlcally. include, but are not limited to, copper, gold, 
silver, nickel, palladium, tin, tin-lead, tin-silver, tin-cop- 
per, and tin-bismuth. 55 
[0040] Those skilled in the airt will appreciate that ad- 
ditional conductive layers may be deposited on the first 
conductive layer. Such additional conductive layers may 



be the same or different from the first conductive layer. 
The addltlcirial conductive layers may be deposited eiec- 
trolessly, electrolyticaNy, by immersion plating, by chem- 
ical vapor deposition, by physical vapor deposition, by. 
CACCVD, by CCVD and by other suitable mieans. For' 
example, when the conductive layer is deposited by 
electroless plating, such electroless deposition rnay -be 
subsequently electrpiytically plated to build up a thicker 
metal deposit. Such subsequently electrolytic deposited 
metal may be the same as or differentfrom the e|ectrp- 
lessly deposited metal. 

[0041] - Also contemplated by the present invention is 
a capacitor Including a dielectric structure having a bot- 
tom dielectric layer and a top dielectric layerwherein the . 
^ top dielectric layer includes a plating dopant in ah 
amount sufficient to provide direct plating of a cpnduc- 
tive layer on the top dielectric layer, a bottom conductive 
•layer In intimate contact with the bottom dielectric layer 
and a top conductive layer in intimate contact with'the 
top dielectric layer. In an alternate embodiment, the 
present invention. also cofitemplates a capacitor includ- 
ing a multilayer dielectric structure having a bottom di- 
electric layer, a middle dielectric layer and a top dielec- 
tric layer whereiri both thetop and bottom dielectric lay. 
ers include plating dopants In an. amount sufficient to 
provide direct plating of a conductive layer on the die- 
lectric layers, a bottom conductive layer in intfmate con-, 
tact with the.bpttoiTi dielectric layer and a top conductive 
layer in: intimate contact with the top dielectric layer. 
Such middle dielectric layer may be composed of a sin- 
gle dielectric layer or a. multiplicity (i.e. two or more) di- 
electric, layers. 

[0042] The present invention provides a method of Im- 
proving the adhesion of catalytk: and plated electrodes 
to a dielectric layer including the steps of depositing on 
a substrate a dielectric layer including a plating dopant • 
in an amount sufficient to provide direct plating of a con- 
ductive layer on the dielectric layer; and plating an elecr 
trode on the surface of the plating dopant-containing di- 
electric layer. 

[0043] The capacitors of. the. present invention are 
particularly suitable for use as embedded capacitors in 
laminated printed circuit boards. Such capacitors are 
embedded in a laminate dielectric during the hianufac-. 
ture of laminated printed circuit boards: The laminate di- 
electrics are typically organic polymers such as epoxies, 
polylmides, fiber reinforced epoxies and other organic 
polymers used, as dielectrics in the manufacture of print- 
ed circuit boards. In general, laminate dielectiics have 
a dielectrlc.constant < 6, and typically have a dielectrk: 
constant in the range of 3 to 6. The preserit capacitors 
may be embedded by a variety of means knowni in the 
art, such as those disclosed in U.S. Patefit No. 
5,155,655 (Howard etal ). 

[0044] Accordingly, the.presQnt invention provides a 
method of manufacturing a multilayer laminated printed 
circuit board comprising the step of embedding a capac- 
itance material in one or more layers of the multilayer 
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laminated printed circuit board, wherein the embedded 
capacitanc material comprises a multilayer dielectric 
structure comprising a first dielectric layer and a second 
dielectric layer, wherein the first dielectric layer compris- 
es a plating dopant In an amount sufficient to promote 
plating of a conductive layer on the first dielectric layer. 
[0045] The following examples are presented to iilus- 
trate further various aspects of the present invention, 
but are not intended to limit the scope of the invention 
in any aspect. 

Example 1 

[0046] Barium acetate, Ba(CH3COO)2, (1 mol) is dis- 
solved in a mixed solution of 20 mol ethanol, 25 mol ace- 
tic acid, and 1 mol glycerol, and then the solution is 
stirred for 2 hr. After stirring, 1 mol of Ti[0(GH2)3CH3l4 
is added to the solution, followed by stinring for another 
2 hr to prepare a barium titanate sol. 
[0047] A sample of this sol is spin coated on a con- 
ductive substrate at 2000 rpm for 45 sec. After the so- 
lution is spin coated, the sample is annealed at 170° C 
for 1 hr in a nitrogen-gas atmosphere, followed by two 
steps of successive annealing of 400*^0 for 1 hr and 
700**C for 1 hr in air. The thickness of the annealed di- 
electric sample prepared using this procedure is -^100 
nm. 

[0048] To another sample of the sol Is added metallic 
silver particles as plating dopant In an amount sufficient 
to provide 40% by volume, based on the total volume of 
the sol. The plating dopant-containing sol is then applied 
to the dielectric surface of the annealed dielectric sam- 
ple using the conditions disclosed above. The sample 
is.then processed at 400^*0 for 1 hrto form the gel. Final 
phase transfonnatlon to the perovskite crystal structure 
is carried out at 700° C to provide a dielectric structure 
having a top dielectric layer containing silver as plating 
dopant. 

Example 2 

[0049] The dielectric structure of Example 1 is sub- 
jected to an electroless nickel plating bath to deposit a 
nickerconductive layer on the siiver-doped dielectric 
layer. The nickel plated dielectric is next subjected to a 
nickel electroplating bath to increase the thickness of 
the nickel deposit. 

Example 3 

[0050] The procedure of Example 2 is repeated ex- 
cept that the electrolessly nickel plated dielectric is sub- 
jected to a copper electroplating bath to deposit a layer . 
of copper on the electroless nickel layer. . 

Example 4 

[0051] The procedure of Example 1 is repeated ex- 



cept that the plating dopant is palladium in an amount 
sufficient to provide 35% by volume. 

Example 5 - 

5 

[0052] The procedure of Example 1 Is repeated ex- 
cept that the plating dopant is a mixture of palladium and 
tin. The total amount of palladium and tin is sufficient to 
provide 45% by volume. 

10 . . 

Example 6 . . - . • . 

[0053] The procedure of Example 1 is repeated ex- 
cept that the plating dopant Is zinc oxide in an amount 
'5 sufficient to provide 42% by volume. 

Example 7 

[0054] The procedure of Example 1 is repeated ex- 
20 cept that the plating dopant is nickel In an amount suf- 
ficient to provide 48% by volume. 



[0055] The dielectric structure of Example 4 Is sub- 
jected to an electroless nickel plating bath to deposit a 
nickel conductive layer on the palladium-doped dielec- 
tric layer. The nickel plated dielectric Is next subjected 
to a nickel electroplating bath to Increase the thickness 
of the ntekel deposit. 



[0056]. The dielectric structure of Example 4 is sub- 
35 jected to.an electrolytic nickel plating bath to deposit s 
nickel conductive layer on the palladium-doped dielec- 
tric layer. 

Example 1 0 . 

[0057] The procedure of Example 1 is repeated ex- 
cept that the plating dopant is copper In an amount suf- 
ficient to provide 38% by volume. 



[0058] The dielectric structure of Example 10 Is sub- 
jected to a silver immersion plating bath to deposit a sll^ 
ver conductive layer on the copper-doped dielectric lay- 
so er. 

Example 12 .... 



[0059] The dielectric stmcture of Example 1 0 is sub- 
jected to a tiri-silver electroplating bath to deposit a tin- 
silver conductive layer on the copper-doped dielectric 
layer. 



Example 8 



45 Example 11 
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Example 13 

[0060] A layer of aluminum Is deposited on the dielec- 
tric structure of Example 1 0 by sputtering. 

Example 14 

[0061] The procedure of Example 1 is repeated ex- 
cept that sol also contains strontium and the plating do> 
pant Is nickel in an amount sufficient to provide 27% by 
volume. 



Claims 

1 . A dielectric structure having a dielectric layer com- 
prising a plating dopant in an amount sufficient to 
promote plating of a conductive layer on the dielec- 
tric layer. 

2. A dielectric structure having a first dielectric layer 
and a second dielectric layer, wherein the first die- 
lectric . layer comprises a plating dopant in an 
amount sufficient to promote plating of a conductive 
layer on the first dielectric layer. . 



of a multilayer laminated printed circuit board, 
wherein the embedded capacitance material com- 
prises the dielectric stnjcture of any one of claims 
1 to 6. 

10. A method of manufacturing a capacitor comprising 
the steps of depositing on a substrate a dielectric 
layer comprising plating dopant in an amount suffi- 
cient to promote plating of a conductive layer on the 
first dielectric layer, and plating a conductive layer 
on the surface of the dielectric layer. 
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3. The dielectric structure of any one of claims 1 or 2 
wherein the plating dopant Is metallic. 



. 4. The dielectric structureof anyoneofclalmsl to S 30 
wherein the plating dopant Is present in the first di- 
electric layer in an amount of up to 50% by volume. 

.5. The dielectric structure of any one of claims 2 to 4 
further cohnprislng a third dielectric layer disposed 35 
on the second dielectric layer, wherein the third di- 
electric layer comprises a plating dopant In an 
amount sufficient to promote plating of a conductive 
layer on the third dielectric layer. ' 

40 

6. The dielectric structure of any one of claims 2 to 5 
wherein the second dielectric layer comprises aplu- 

rallty of dielectric layers. 

7. A capacitor comprising a dielectric structure of any 45 
one of claims 1 to 6, a bottom conductive layer in 
intimate contact with the second dielectric layer and 

a top conductive layer in Intimate contact with the 
first dielectric layer. 

50 

8. A printed circuit board comprising an embedded ca- 
pacitance material, wherein the embedded capaci- 
tance material comprises the dielectric structure of 
any one of claims 1 to 6. 

55 

9. A method of manufacturing a multilayer laminated 
printed circuit board comprising the step of embed- 
ding a capacitance material in one or more layers 
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